1. Introduction

The analysis and interpretation of teaestrial ultraviolet (UV) airglow and auroral
emissions require an accurate knowledye of absorption of the emission lines by the
dominant atmospheric gases.  In the wrestnal thermosphere, the only  significant
absorbing species at wavelengths longer thon 1000 A is O, The most prominent far
ultraviolet (FUV) emission feature in the thermosphore, aside from scattered solar 11
Lyman-o emission, is the O resonanee tiplet GP - 38)) near 1304 A, for which the
room-temperature measurements of St [ 11 remain the most commonly used values for
the Oy photoabsorption cross scction |2, 3], However, Link et al. [4] pointed out that in
the 100 - 200 km altitude region where absorption by O, is signihicant, the atmospheric
temperature increases from 200 K o about 1000 K (the precise value being dependent
upon solar activity), suggesting the necd for iecmperature-dependent measurements for the
important absorbing gascs.

In the present work, we have mcasured the photoabsorption cross section of (), at
the Oltripletlines (11302.17, 1301.>, (), 130603 A) attemperaturesof 295, 373, 473, and
573 K. While this docs notreacl the highest temperature encountered in - the
thermosphere, absorption by O, is most imp atant at the Jower altitudes and tempera ures
[4], and the measured range should softice foraeronomic app lications,

The first quantitative measuicnient of photoabsorption cross sections of O, in the
UV region was carried out in 1933 by Ludenberg and von Voorlis [S]. A comprehensive
review on photoabsorption measurements of O, in the 100-2000 A speetral region prior
o 1958 was given by Watunabe [6) 1o 1960's,  guite a few results on the
photoabsorption cross scctions for the 0, S-R continuum, at room emperature, were
published [7-9]. Blake et al. [10} made s detailed study of S-R continuum with an
instramental resolution of 1A, and reported o single value for absorption cross section of

0, at 1302, 1304 and 1306 A. thudeon [ 1] published a comprehensive review article on



photoabsorption cross sections of several mofecules, mcluding Oy, and emphasized the
significance of instrumental resolution e th measured width of the absorbing feature.
Ogawa and Ogawa [12] studied the S R ocontinvum from 1087 to 1700 A. They
concentrated their high resolution photaatisorption cross section measurements on the O,
(X 3);2') and Oy («a ]Ag) states. Later, Soor [1] aeported the OO, room-temperature
photabsorption cross sections at the OV 1304 A tiiplet emission lines. Chan et al. [13]
obtained absolute optical oscillator stienths  (photoabsorption  cross  sections)  of
molccular oxygen at room temperatoie o th 6-30 ¢V energy range (from 416-2058 A)
using photoclectron  energy-loss  spectio-copy. Recently,  Lewis  {14]  mcasured
photoabsorption cross scctions of O, at 1302, 1304 and 13006 A, again at room
remperaturc.

Temperature-dependent photoabisorpion cross section studies of Oy, however, are
scarce. The first reported temperatue-dependent study on photoabsorption cross sections
of O, was carricd out by Hudson ¢t al. 115 the FUV specetral region between 1580-
1950 A for the temperature 1ange ol 300 900 K. Later, Gibson ct al. [16] reported
measurements at 295 and 575 K in the speciral range from 1400 to 1740 A. Black et al.
[17] reported results at a higher wwperawe ¢ (930 K) and in the 1150-1300 A spectral
region. Wang ct al. [ 18] mecasuied photoabrorption cross sections of Op at temperatures
of 295 and 575 K in the 1300- 1600 A special region emphasizing their theoretical fit to
the experimental data. Most recently, Cheung et al. [19] measured absorption cross
seetions of Oy at 670 K in the wavelergthregion 179010 2120 A.

The present studies are aimed ot an securate measurement ol Oy photoabsorption
cross scctions at the acronomically-inporant Ol 1304 A wriplet emission lines as a
function of temperature. To our knowledpe, these represent the first temperature-
dependent measurements of the O, photoshsorption cross sections at the O1 1304 A

triplet lines.



2. Experimental Procedure

Photoabsorption cross sccuon measuiements of () were carried out by gas phase
attenuation of a light source. Attenvation o light through a static gas (O) target was
measured at the O1-1304 A triplet cmission Hones (1302, 1304 and 1306 }\) as a function
of gas pressure at a given temperature. 1t chould be pointed out that the cross section
measurements were carricd out by setiing the spectiometer at the peak of cach O1-1304 A
triplet emisston line rather than by scenmng the wavelength region. The absorption cross
sections are then deduced from these measurements by applying the Beer-Lambert law.
A spectrometer system, consisting of o omediim-resolution 1.0-meter normal-incident UV
spectrometer in tandem with o variable temperature absorption cell and an Ar mini-arce
light source, was employed for the mcasurenients. The measurements were carried out at
a spectral resolution of 0.5 A at full-wid h-at-hall-maximum (FWHM). With cqual
cntrance and exit slits the instrument iesponse function was tangular, Fig. 1 shows our
experimental arrangement. An intense, gh corrent (400 A), low-voltage (36 V) argon
mini-arc¢ lamp, which provides UV continuun in the wavelength range from 1100 (o
3600 A, was used as a light sowce. The scoree was supplicd continuously with high
purity Ar gas at a pressure of about one stimosphere. High gas purity was required to
maintain arc stability and reproducibility of the continuum emission. The OI-1304 A
triplet emission lines were present in the UV continaum, along with many other atomic
lines of oxygen, nitrogen and carbon due o o and water impuritics in the arc chamber
and gas handling system. The detaile of the Ar mini-are source have been described
clsewhere [20]. A special Al-Mgls, coated custom-made pick-off mirror, procured from
Acton Research Corporation, was incorporate:d at the exit slit of spectrometer to monitor
drift or fluctuation in the intensity of the OF 1304 A wriplet emission lines during the
measurements. Typically, the dift in the hght intensity was a few percent during the

measurements and was corrected for.



The transmitted photon be can cntared  the  single- pass (emperature-variable
a bsorption cell (Fig. 1 ) through a vacuum sealed Mgl 5 window. The cell was evacuated
toa base pressure of 1076 tor by an cil-free turbomolecalar pump and was vacuum
scaled at the other end by using anothetMpt, Window. These windows were recessed
into the absorption cell so that only  the heated absorbing gascolumn (47.2 cm)
accounted for the high temparatne  shsarption cross section ncasurem ents. The
absorption cell, which was 50-cinintotstlenpthand 2.5-cmin dimmceter, was made of an
oxygenfree copper tube (with wall thickne .« 017 ().5 em)to achieve excellent thermal
conductivity, andwascoated withnickel forchemicalinertess. The absorption CCJ] was
thermally separated from the rest of the cortponents in the systeim by ceramic insulators
at cach port and at both ends of the cell. Thm sulators are rated (o 7259 K as stated by
the manufacturer. The heating of the celi wasachieved by wrapping the absorption cell
with a commercially available heating tape. The temperature of  the absorption cell was
monitored™ constantly at three Jocutions (at hoth ends and at the imiddle) by Chromel-
Alumel thermocou ples. A temperature grad , nt (i not more than 4 2 °C (usually less)
was obscrved during the measuicnients,

A rescarch grade oxygen gas wac fed without further purification to t h e
absorption cell through a leak valve.Pressurs inthe cell was continuously monitored by
two MKS Baratron capacitance manometers with Fand 10 torr range heads to cover the
pressure range (typically, ().1- 1.7 to1) us-d during the measur cments. It should be
pointed outthat care was takcnm ou  exp rimentaldesigntoavoid possible damage
from the hot gas dircetly contac Ging the pressure monitoring diaphram in the Baratron
gauge. The gas was collisionally cooled o the room temperature before itreached to the
Baratron gauge. This was achicved by installing the Baratron gauge on an clbow-shaped
tube (with a 45° angle with respectiothe 17 1) atta ched to the port s() that the hot gas
m olecules could make at least one collis on with t h e wall of the tube. For high

temperature measurements, one should expe et that the pressure i the absorption cell
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would be somewhat higher than the pressure indicated by the manometer due to thermal
transpiration cffects. Duc to the high-pressure range vsed n he mcasurements (0. - .2
Torr), the mean free path of O wis nuch leas than the tube diameter and intermolecular
col isions were dominant. The thenmal tanspiration effect correction 1s - therefore
expected to be very small but, nonctheless, ¢oacected for. An empirical model of Takaishi
and Secnsui [21], which provides o simple method for caleulating he  thermal

transpiration effect for a given gas, was enoloyed to estumate he amount of pressure

correction duc to the thermal tanspiianon ¢ feet. Fig. 2 shows he percentage pressure

correction versus the measured prossme cver a range of 0. 1.0 Torr at different
temperatures  varying from 373 1w 573 K. As pointed out carlier, most of the
photoabsorption cross section measurcinents have been carried out in this pressure range.
These corrections have been incorotated i the pressures measured by the capacitance
manometer during the experiment

The transmitted intensity was neaswied at the end of the absorption chamber by

using a photomultiplier .ube (PM1° I; FME Chotoclectiic, model +-542). It should be
pointed out that the diameter of the Jight scam, coming out of the exit slit of the

spectrometer, was collimated so that it Jdid net cause any multiscattering in the absorption

cell. An aperture of 2.5 mm in disnieter was placed at he entrance window of the

absorption cell for this purpose. Monitoring the fluctuations n the incoming beam
intensity was achicved by a pick-oft minor which served as a Heamn splitter) placed in
he spectrometer (Fig. 1) and a shotomualnplier tobe (PM° 2), identical to PM’

installed at the other exit port o colleer the sipnal. 3oth PMT's were solar blind so as not

to respond o the radiation coming from the excited photofragments formed by the

nciden Jight and also had very low dirk count ates (typically 2 counts/sec). Both

PMT's were operated 1 photon-covnting mmode and the signals were stored first i a

multi-channel analyzer and hon i i com onter or urther analysis. Wavelength scans




were made by using a Compumotor indexcr. Wavelength calibration was done by using
the O 1-1304 triplet emission lines belore cacl: experimental run.,
The photoabsorption cross section of a molecule at a given wavelength (A) and

temperature (1) is given by Beer-Lamborts Lowe

IO T): doin)eaplrio (T ] (N
where o (A7) is the total photoabsorption cross section of a gas (at wavelength A and
temperature 1), I(A, T) and 1,(2) we the oansmitted (through the gas) and incident
intensitics respectively, nis the nomber densty, and L is the path length. When there is
no gas in the absorption cell, 1,(A), moessured by using the pick-off mirror, and I(A, T)
should be the same. In practice, there is o difference in the two values since the Mgl
windows located at both ends of the absorption cell intercepted the photon beam and the
photomultiplicr tubes (PMT 1 and PM 1 2) were not exactly identical in terms of their
quantum cfficiencies. This gave a calibiation scale. The absorption cross scction, ©
(A1), was, therefore, measured by usiup e ratio of 1(A) to I(A, T), as a function of
pressure in the absorption cell for o sclecied temperature T The gas density in the
absorption cell was determined by using the ideal gas law P = nk7, where k 1s the
Boltzman constant. A plot of the pressure against the logarithm of intensity ratio {1o(A) /
I(A, 1)) yiclded a straight line with a pesitive slope whose magnitude was directly
proportional to o I.. A least-squares hitting 1outine was employed in order to obtain the
best fit o the data. A plot of absorbance v pas concentration (curve of growth) for Oy
was made for cach experimental wiavelength to enswie the Beer-Tambert law was obeyed
for the range of pressures used m the meesurements (Fig. 3). This type of testing for
deviations from the Beer-Lambert low is of critical importance if meaningful cross

secetion data are to be obtained.




3. Experimental Results and Discussion of Errors

Table 1 summarizes previously wcasured room-temperature 09 photoabsorption
cross sections [1, 12-14, 18] at the O 1304 A triplet emission lines, together with the
present measurements. We digitized snd mterpolated Ogawa and Ogawa [12] and Chan
et al. [13] data for the purpose of o ditcet comparison with our results. The present
measurements at room temperature ave, o geacral, found to be in good agreement with
those of other investigators. A compatisan of present data with those of Starr [1] and
Ogawa and Ogawa [12] shows @ pood apicen cnt The present valuesat 1302 and - 304 A
arc about 2.() % and 3.6 % higher, respectively than those of Stai[ 1) whercas d - 306 A
the present value is about (). X % smaticriha Star's data |1].Our values are 3.2 % and
3.6 % higher than the resubts of Opowa snd Ogawa [12] at 1302 and 1304 A
respectively, and match within 1.1 % ot 1306 A with their result. The photoabsorption
cross-section values, obtained indircetly from the energy-loss technique by Chan et al.
[13], also agree well with our resalts at 1300 and 1304 A (about 2.0 % lower and 2.6 %
higher, respectively); however, at 1306 A, ticir value of 4.36 x 1019 em? is about 22%
higher than our result. Their value | 13] is also much higher i comparison with other
measurcments. This is probably duc o their low instumental-resolution (6.54 A). [ Their
encrgy-resolution is 0.048 ¢V (EWIIM) wlich is equivalent to 6.54 A (FWHM)]. Our
measurement at 1302 A agrees remerkably well with that of Lewis [14] where
disagreement 1s only about 0.9 % . "1The present measurements and those of Lewis [14], at
1304 and 1306 A, are also in good agrecinent within the combined error limits of 3.5%
and 3.8%, respectively (the disagreement is found to be 2.3 % at 1304 A and 2.2 % at
1306 A).

Table 2 summarizes the gesults of  our  photoabsorption  cross  scction
measurements, together with the statistiical and total crrors, in the 295-573 K temperature

range with a step size of JOO K Fach enty given in Table 2 is the average of scveral




independent experimental runs taken over o period of several weeks. The temperature
dependency of the present mesureients was found (o be incar within the error limits.
increasing by about 0% above Ui 100 -lemperature values for the measured

lemperature range as shown in

L Untortunate y, there are no experimental data

available for high-temperature hotoabsorption cross sections for 09 measured at the Ol
1304 A triplet emission lines 1o which ho present results can be compared directly.
lowever, in Table 2, we give the theoretical values of Lewis 14| and his estimated errors
(in paranthesis) associated with thein calcalation, Lewis used his measured room-

lemperature cross sections as the basis o ca'culate high-temperature cross section values,

lis calculation, based on the same Hasic thoretical approach used in the Wang ct al.
calculation 8], employed improvee nang parameters. The discrepancy between the

present high-temperature measvrements and he caleulation )y «ewis is found to be quite

substantial, cspecially a 573 K (- 2 % . ind excecds the combined error limits. The
calculated cross scctions of 1.ewis follow o differen trend; i.c., their Cross sections
decrease with increasing emperature when compared with he resent measurements, It
should be pointed out that the Oy photochsorption cross scctions as a function of
temperature vary very rapidly in the 1300-1400 A wavelength region and the variation
could amount to 10 % based on Wang et al. 8] theoretica formalism. This rapid

variation (from -5% 1o +5%) in the temperat

> coefficient (i.c. the percentage change in
absorption cross scction with respect 1o wmperature) within 6 A may be a major factor
contributing to the large discrepancy found between the present measurements and
calculated cross scetions.

tis worth mentioning that as a means for che king the performance of the
experimental apparatus at high temperatures, i 65 A photoabsor tion cross section of
Oy was mcasured at 373, 473, and 573 K (prion to the cross section measurements of 0Oy
at the O 1304 A wiplet emission mes) and was compared with the Gibson et al. 0l

measurements. They reported absorption ¢ross section as a function of temperature, along



with a theoretical fit to observed bebiav i, The present cross section values at 373, 473,
and 573 K not only follow thesiame tend,interms of temperatuie dependency of the
cross scction, but also agree wellinvalue within the combined error imits. Table 3
comparces the present photoabsorpuion ¢ross section with the Gibson et al. data.

The errors in the presentimcasmemanits fai into two categorics, statistical and
systematic:
a) Statistical. The counting statistics £ 0 the incident and tansmitted intensities
measured by the pick-off mircor (heam S litter) and absorption cell photomultiplic
detectors have introduced errorsin thephotoabsorptionceross sections varying from 0.7
10 2.5%. ‘1’able 2 lists the assigned statistival errors 10 the present measurements. The
statistical crror associated with the ¢ross sections is given by:

1 A2

00| N to, )

Yoerror = — -
o), AN

(2)

where <o>is the average cross scction, o i the ith measured cross section and N isthe
number of measurcments. 1t should be poiried out that the cross sections reported here

arc an average of several independent tuns for a given temperature,

b) Systematic. There are several souces of systematic ¢rrois.

A systematic crror of 0.3 Y% resulting from pressure measurements is assigned
1o the cross scctions since the MKS mmanomcwer as specified by the manufacturer would
have a maximum crror of 20.3 % in the measuied pressure range. Another type of the
systematic error is due 1o the absorption path Iength. The absorption path Iength in the
present measurements was 47.2 ¢, 1he accutacy of this Iength would include the extent

of the movement of the Mgl window s in the absorption cell, the compression of the O-




rings in the flanges at both ends of the ce'f, misalipnment of the photon beam with
respect to the central axis of the cell, eie. Our estimation for the accuracy, in the worst
casc scenario, would be 4 0.3 cm, giving wn crror of 40.64 %. So the combined
maximum systematic error in roon empera are measurements s about 41 %. Thermal
transpiration effects can be another cource of systematic error at high temperatare
measurements. The corrections due to thenne) transpiration effect was found to be only a
few percent at 573 K (usually much less) Corrections due to the thermal transpiration
effects have been calculated at various pas teimperatures and incorporated in our pressure
mcasurements, and absorption cross sections have been caleulated accordingly. Another
source of error was due 1o inaccwacy i the mcasurement of temperatures. This could be
as large as 4 2 C. This would intoduce ay crror of about 4 1 % at worst casc. As a
result, the combined systematic crror i the present data is of the order of 42 % for

clevated temperature measurements

¢) Total. Theoverall error (unconclatedsun of allerrors)iepresentsthe most probable
estimate of the accuracy in lhcpn:.\vnl|»h()llmhsm'pli()n Cross section measurements and
was obtained by adding thesguaresof al 1 ofthe errors and taking the square rootof the

total sum. ‘1I’able 2 gives the total criors(n 9) associated with the present measurements.

CONCI USIONS

W c have measured the temperatuie dependency of the O photoabsorption cross
section atthe 1304 A triplet emission lines overthe range 295 - 573 K. The cross
sections increase apparently lincarly. py -bout 10%, over this emperature range. A
substantial discrepancy wasfoundbetween the present high- temperature measurements

and the calculation by | ewis, Inaddition, the present values and the calculated cross




sections of cwis follow different uends e erms of temperatuie dependency as discussed
in the manuscript.
Our room temperature values, hewevesare found to be, in general, within 3% of

previous measurements, exeepl for the (miarpolated) 1306 A result of Chan et al. which

lics 22% above the mean of the other mcasureients. ‘This is probably duc to their lower

resolution (6.5 A).

A <N OWEI DGMENTS

This work was carricd oul at the Jo Fropulsion aboratory, Ca ifornia Institute of

Technology, and was supported Hy the Nati nal Acronautics and Shace Administration,

Space Physics Program Office. One of § M. A.) g atefully acknowledges the 1e sipt
of the National Rescarch Council Residen Rescaich Associateship. ‘The authors are
thankfu to Dr. B. R Lewis for gencrously moviding us with the unpublished results of
his Jatest photoabsorption cross see 10ns f sat 302, 1304 and 300 A. We benefitted
greatly from discussions with Dis. S Jrajmi, J. M. Ajello and G. K- James The authors

also wish to acknowledge R, owe aid M Young for their invaluable assistance in the

design of the experimental apparatus,

RETERENCES

W.1.. Starr J., Geophys. Res. 81 (1976) (363
[2 R. .ink, S. Chakrabarti, G. R. Gladston. . and 1. C. McConnell, J. Geophys. Kes. 93
(1988) 2693.

[3] R .ink, = R. Gladstone, 5. Chalraba ¢ and ) <. McConnell, J. Geophys. Res. 93



(1988) 4,031.
[4.R. Link, J. S, évans, G. R. Gladstone, J. Geophys. Res. 99 (1994) 212
[S R adenburg and C.C. von Voorhis, Phos.Rev. 43 (1933) 3 5.

[6] K. Watanabe, Advances in Geophyvsics. Yol. 5. (Academic Press Inc., New York,

958) p. 57
7R ¢ ulfman, Y and ) C o ae ee, Discussions Faraday Soc. 37, ( 964)
154.

8 P. Metzger and G. R. Cook. J. Quant. Spectrose. Radiat. Transfer 4 (1964) (7
9] R. Goldstein and . N. Mastup, J. Oprbac. Am. 56 (1966) 765
0] AJ. Blake, J.H. Carver, and G.N. Had tad, J. Quant. Spectrosc. Radiat. Transfer 6
( 9006) 45
R 1 udson, Rev. Geophys. Space Phys 9( 97 305
2 S. Ogawa and S. Ogawa, Can. J. of Phy.. 83 (1975)  845.
31 W.E. Chan, G. Cooper anc C. 1 Brion Chem. Phys. 170 (1993) 99,
14 B R _ewis, private conumunication  ©)0).
[15] R.D. Hudson, V.1.. Carter, and ) A Stein, J. Geophys. Rev. 71 (1966) 2295.
16} S.T. Gibson, 1.°.F. Gics, A Blake, D.G. Mc Coy, and P.). Rogers, J. Quant,
Spectrosc. Radiat. Transfer 30 ( 983) 385,
[17 1G. Black, R.1.. Sharpless, T.G. Shinger and MR, Taher an, Chen, Phys.Letr. 113,
(1985) 3
[18] ). Wang, D. G. McCoy, A. ). Blake oad .. Torop, J. Quant. Spectrosc. Radiat.
Transfer 38 (1987) 9.
9] A. S.-C. Cheung, K. Yoshino, 1. 2 Lsn.ond and W. 1. Parkinson, pr vate
communication ( 996), submitted.
20 J.M. Bridges and W.R. O, Appd Opr 16 (.977) 367

2 1. Takaishi and Y. Sensui, Trans. Faradiay Soc. 89 (1963) 2053,




PRATUDL SEA (Y661 ) (B 10 UBYD) (x

. . e - A .
vy L Yo My T oL oL WYL NP - - Ly Yut
Yo - e

52 ¥t L& L't vi'y I’y e TR U8TPGe

- s . o7 < “S¢ 7 o ST

LV 6V vy 6i'v Vv 9% LI°20L1
14 ~ I ~ e ’ ).O/ A T v A ~ V
(Y$0) Y £0°0) (¥ $9) Y vi0 Yo

Ju3sd1g 1. SIM] £l TeRuRyD Z1] eae3( pue eme3(Q i1; e IN[EA UBI]N  UONISUBIL (O (V) YisUSpAB A

SAINAITATA

"S0USI9JRI Yoes 1opun sIsstjuered U pojedIpUL 18 SUONN]0SI Euowadxyg
"2I4RIAWS} Wool 8 (- W) 61-01 X) suonas sso uondiosqeoioyd 20 o sjuswomseaw snomaid jo Areuruing °y 9jqe




Table 2. Present measurements of photoabsorption cross sections (in units of 10-:9 em?) for O at 1 304 a triplet emission

lines as afunction of temperature. Also shown are the theoretical values of Lewis'141. Numbers in paranthesis refer to estimated errors.

Wavelength (A) Temperature (K) Present
1302.17 205 22
373 453
473 458
S73 4,65
NCIITNG) 255 387
372 470
130605 A 256
373 3.69
473 3.5
573 2492

Statistical Error (%) Total Error (%)

0.9
0.7

14
g

?.9

;))

4
W

o
in

1

b
(5]

2P

92 0)

2

23

t

Lewis[14]

422 (5%)
415 05%)

4.09 (5%)

3.61 (5%)

)
o
>
N
tn
RN
S

s
PN
<>

~

tn
<
N

N~




Table 3. Comparison of the present photoabsorption cross section measurements (in units of 10-1 8 cm?) of Osati651 A
asafunction of temperature with those of Gibsen et al."16'. The numbers in paranthesis refer to total errors.

Wavelength (A) Temperature (K) Present Gibson et al. 1167
1651.0 373 217Q2.2%) 211 (8.2%)
1651.0 473 2.34 (4.9%) 2.16 (5.2%)
1651.0 573 2.36 (2.27) 2.27(5.2%)



Figure Captions

Figure 1. Schematic diagiam o the xperimental  anangement for  the present
measurements. VS Ultraviolet Specn ancier; G Grating; ABS, CELL - Ten
Variable Absorption Cell; PM. Photaomultiplier ube; TM ? wibomolecular Pump; A
- Light Aperture; W - Recessed Myt Wi dow; LS Ar N ini Are Light Source; ~~ 1
Pick-off Mirror.

Figure 2. Thermal transpiration correction 1o be applied at different temperatures to the

pressures of molecular oxygen micasored by MKS capacitance manometer.,

‘digure 3. A typical plot of absoranee versus pressuie (curve of growth). Beer- .ambert's
law was obeyed for the range of wesswies and spectral resolution used in the present

measurcements.

igure 4. Photoabsorption cioss sections (in units of 1019 cm?) of Oy at different

temperatures for three wavelenpths 3020 1304, 306 A, ‘Ihe points are from

experimental measurements. Frror s associated with the data are also shown. The

traight linc represents the best fit to he data o cach wavelength.
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Figure 2

Measured Pressure (Torr)
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